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53 This study examined the associations between activity behaviors composition (sleep, 
54 sedentary time, light and moderate-to-vigorous physical activity) with adiposity and 
55 cardiorespiratory fitness, and how isotemporal reallocations of time between activity 
56 behaviors are associated with differences in adiposity and cardiorespiratory fitness.
57 Methods
58 A cross-sectional study was conducted in 130 women during midpregnancy. Activity 
59 behaviors, conceptualized as a 24-hour composition, were objectively assessed by 
60 multi-sensor monitors. Skinfold thickness, fat mass index, and body mass index were 
61 calculated as indicators of adiposity. Cardiorespiratory fitness was assessed using a 6-
62 minute walk test. Log-ratio multiple linear regression models and compositional 
63 isotemporal substitutions were used to analyze the associations and estimated 
64 differences in outcomes.
65 Results
66 The activity composition was significantly associated with adiposity indicators (all 
67 p<0.001) and cardiorespiratory fitness (p values from 0.025 to <0.001) during 
68 midpregnancy. The isotemporal substitutions were asymmetrical, showing the highest 
69 estimated differences in adiposity (8.7%, 0.80 kg/m2, for fat mass index; 6.0%, 2.65 
70 mm, for the sum of skinfold thickness; and 3.8%, 1.02 kg/m2, for body mass index) and 
71 cardiorespiratory fitness (3.0%, 1.00 mL/kg·min) when 30-minutes of moderate-to-
72 vigorous physical activity was reallocated by sedentary time.
73 Conclusion
74 The activity composition was associated with adiposity and the cardiorespiratory fitness 
75 levels during midpregnancy, with moderate-to-vigorous physical activity being the 
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76 leading activity behavior. The most unfavorable differences in adiposity and 
77 cardiorespiratory fitness were found when moderate-to-vigorous physical activity was 
78 replaced by another behavior, mainly sedentary time, reinforcing the importance of at 
79 least maintaining moderate-to-vigorous physical activity during pregnancy.
80
81 KEYWORDS



















Page 4 of 25
Scandinavian Journal of Medicine & Science in Sports - PROOF
































































102 Lifestyle physical activities have been proposed to be behaviors that may protect against 
103 the development of cardiovascular diseases or prevent recurrent cardiovascular events 1. 
104 Especially during pregnancy, lifestyle physical activities have potential benefits to 
105 reduce the risk of adverse cardiovascular health outcomes, such as hypertension, and 
106 obesity 2,3. Changes in the maternal body composition occur over a short period of time 
107 during pregnancy, usually after the first trimester 4. The increase of the mother’s 
108 adiposity is a serious problem because of its association with an elevated risk of 
109 pregnancy-related complications, long-term maternal obesity and childhood obesity 5,6.
110 Cardiorespiratory fitness (CRF) exhibits protective effects on established pregnancies 
111 and pregnant women’s cardio-metabolic health outcomes, such as insulin sensitivity and 
112 glucose and lipid disposal 7. However, limitations in aerobic work capacity, caused by 
113 an increase in the ventilatory response related to the elevated metabolic costs of 
114 exercise, result in a decline of CRF levels as pregnancy advances 8.
115 Previous research has focused on the effect of the time spent in ST or MVPA 
116 individually, on adiposity and on CRF, promoting MVPA and discouraging ST among 
117 pregnant women 9–12. Taking into account that activity behaviors are mutually exclusive 
118 components of the 24-h day, this time has to be reallocated from another activity 
119 behavior, which may have different effect on health outcomes depending on what 
120 activity behavior is reallocated. 
121 This 24-h activity behaviors concept is related to the notion that to properly understand 
122 the association between daily activities and health, the effect of all activity behaviors 
123 should be studied relative to each other rather than in isolation 13,14. The application of 
124 this concept implies that activity behaviors data are treated as compositional data that 
125 are composed of mutually exclusive and exhaustive parts of a whole 24-h 13.
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126 To date, only two studies have applied compositional data analysis to assess the 
127 association of activity behaviors and adiposity in adults 13,15, and only studies in 
128 children have assessed the association of activity behaviors with CRF 14,16. No studies 
129 have applied compositional data analysis to pregnant women. 
130 The aims of this study are (1) to assess the associations between the activity 
131 composition and adiposity and CRF during midpregnancy and (2) to investigate how 
132 time reallocations between activity behaviors are associated with favorable or 
133 unfavorable adiposity and CRF.
134 2. METHODS
135 2.1 Participants and procedures
136 This exploratory cross-sectional study was conducted in 130 healthy pregnant women 
137 aged 18-45 years who were recruited from antenatal clinics at Utrera Hospital, and 
138 voluntarily gave their written informed consent after being informed of the study aims 
139 and protocol. The exclusion criteria were physical illnesses or disabilities that affected 
140 their normal daily routine or high-risk pregnancy (i.e., diabetes or hypertension). The 
141 study protocol obtained ethical approval from the Medical Research Ethics Committee 
142 of the University Hospital Virgen del Rocio (Seville, Spain) in accordance with the 
143 Declaration of Helsinki, approval number 2014PI-066. The STROBE guideline items 
144 were fulfilled during the course of the study 17.
145 Coinciding with the second visit to the antenatal clinics, approximately at the 20th 
146 gestational week, the sociodemographic characteristics, adiposity, and CRF were 
147 assessed.
148 2.2 Measurements
149 2.2.1 Sociodemographic characteristics
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150 Age, educational level and employment status were assessed using a self-report 
151 questionnaire. The pregnant women were categorized according to having a tertiary or 
152 non-tertiary educational level, and active or non-active (unemployed, sick-leave from 
153 work and student) employment status.
154 2.2.2 Adiposity
155 Anthropometry was measured by the same trained evaluator using a stadiometer to 
156 measure height, a bioelectrical impedance analysis (BIA) device (Tanita BC-420, 
157 Tanita, Tokyo, Japan) to measure weight and the body composition, and a caliper 
158 (Holtain, Crymich, UK) to measure skinfold thickness. The sum of the biceps, triceps, 
159 and subscapular skinfold thicknesses, measured to the nearest millimeter on the right-
160 hand side of the body, was used as an indicator of maternal adiposity as previously 
161 proposed 5,18. For comparison with previous studies, body mass index (BMI, kg/m2) and 
162 fat mass index (FMI, kg/m2) were calculated.
163 2.2.3 Cardiorespiratory fitness
164 CRF was assessed using a 6-minute walk test (6MWT), previously used with pregnant 
165 women 9,19, through a 45.7-meter rectangular course delimited by cones. Participants 
166 were encouraged to walk as far as possible without running or jogging. The same 
167 trained instructor explained the protocol, provided a demonstration prior to the start, 
168 supervised the test and recorded the distance covered to the nearest 0.1 m. A multimedia 
169 explanation is available on the link below: 
170 https://upotv.upo.es/video/5936500f238583f9658b464a. The resting heart rate was 
171 monitored beat-to-beat after a 5-minute seated rest period using a heart rate monitor 
172 (Polar Electro Oy, Kempele, Finland). Maximal oxygen consumption (VO2max, 
173 mL/kg min) was estimated from the 6MWT using the equation reported for healthy 
174 adults by Burr et al. 20.
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175 2.2.4 24-h activity behaviors
176 Free-living activity behaviors were objectively measured using a multi-sensor monitor 
177 Sensewear Mini Armband (BodyMedia Inc., Pittsburgh, PA, USA) (SWA), validated in 
178 pregnant women 21,22, over a 24-hours during a 9-day period, including at least five 
179 weekdays and two weekend days. Participants were told to remove the monitor only for 
180 water-based activities, which were recorded in a diary. Only participants who carried 
181 the monitor for at least 95% of the day (1368 minutes) were included in the study. Five 
182 participants participated in swimming and water aerobics or calisthenics for a maximum 
183 of 45 minutes, and the time spent in these activities was added using a constant (6 and 4 
184 METs, respectively) from the Compendium of Physical Activities 23. In addition, non-
185 wear time from showering and self-care were substituted using a constant (2 METs) 
186 from the Compendium. The sleep component represents all sleep occurring between 12 
187 PM and 12 PM. The sleep component did not necessarily describe the overnight sleep 
188 duration, and it did incorporate naps taken during day. To minimize immediate 
189 reactivities that may have altered their habitual lifestyle, we removed the first and the 
190 last day of monitoring from the analysis.
191 2.3 Statistical analysis
192 Analysis were performed in R using the compositions 24, robcompositions 25 and car 26 
193 packages. The average daily time spent in free-living activity behaviors (sleep, ST, LPA 
194 and MVPA) was conceptualized as part of the daily activity behaviors composition and 
195 was expressed as isometric log-ratio (ilr) coordinates 13. All free-living activity 
196 behaviors contain non-zero values. The multi-variate dispersion of the activities was 
197 described by a pair-wise variation matrix.
198 Linear regression models were fitted to investigate the associations between adiposity 
199 and CRF as outcome variables, and the activity behaviors’ ilr coordinate as explanatory 
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200 variables. Sociodemographic covariates were also included as explanatory variables. 
201 The significance of the explanatory variables was examined by a Wald chi square 
202 ANOVA type II test 26. In all models, non-normally distributed variables (sum of 
203 skinfold thickness, FMI, and BMI) were log-transformed. Residuals were tested for 
204 normality, linearity, homoscedasticity, and independence.
205 Compositional isotemporal substitutions were used to examine the difference in the 
206 outcome variables when quanta of time (from 5 to 30 minutes) were reallocated from 
207 one activity to another, while the remaining activities were kept constant 27. The above 
208 models were used as predictive models for new activity behaviors compositions. First, 
209 the model was used to predict an outcome value for a baseline composition (mean 
210 composition), and subsequently, the same model was used to predict the outcome for 
211 new compositions when quanta of time had been reallocated. The estimated differences 
212 in the outcome variable were calculated by subtracting the predicted values of the mean 
213 composition from the predicted values of the new composition. The significance of the 
214 reallocation was assessed based on 95% CI as previously suggested 16. Effect sizes (ES) 
215 were calculated by dividing the estimated differences by the mean standard deviation of 
216 outcome variables as previously suggested 28.
217 3. RESULTS
218 The study sample was composed of 130 pregnant women, after excluding 36 
219 participants with incomplete data, and their characteristics and compositional means for 
220 their activity behaviors are presented in the Supplemental Table 1. The compositional 
221 variation matrix is presented in Supplemental Table 2. The smallest variances were 
222 observed for sleep with ST and LPA, and ST with LPA (values ≤ 0.195), indicating the 
223 greatest co-dependence between activities.
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224 Multiple linear regression models showed that the activity composition was 
225 significantly associated with all adiposity indicators and CRF (Table 1). The predicted 
226 outcome values for the mean composition were 44.3 mm for the sum of skinfold 
227 thickness, 9.1 kg/m2 for FMI, 26.9 kg/m2 for BMI, and 33.8 mL/kg·min for CRF.
228 Compositional isotemporal substitutions were carried out for adiposity indicators and 
229 CRF. The raw estimated differences and 95% CI in adiposity and CRF associated with 
230 increments of time reallocations are shown in Supplemental Tables 3 and 4, 
231 respectively. For a better interpretation of the results, Tables 2 and 3 show the estimated 
232 percentage of difference from the mean composition in predicted adiposity and CRF 
233 associated with 15-minute and 30-minute reallocations. The reallocations of time 
234 involving MVPA was associated with the largest estimated differences in adiposity and 
235 CRF and are plotted in Supplemental Figure 1.
236 The largest estimated differences found in adiposity were observed for the reallocation 
237 of time from MVPA to ST. Among the differences the largest differences were observed 
238 for FMI, followed by the sum of skinfold thickness, and BMI, although in a small 
239 magnitude. For instance, reallocation of 30-minutes from MVPA to ST was associated 
240 with higher adiposity, approximately 8.7% for FMI (0.80 kg/m2, 95% CI: 0.33 to 1.29, 
241 ES: 0.23), 6.0% for the sum of skinfold thickness (2.65 mm, 95% CI: 0.83 to 4.52, ES: 
242 0.21), and 3.8% for BMI (1.02 kg/m2, 95% CI: 0.42 to 1.64, ES: 0.25) compared with 
243 the mean composition. The association showed marked asymmetry, the estimated 
244 difference in adiposity associated with the reallocation of time from ST to MVPA was 
245 lower than the aforementioned estimated difference in adiposity associated with the 
246 reallocation of time from MVPA to ST. For instance, reallocation of 30-minutes from 
247 ST to MVPA was associated with a difference of -6.1% for FMI (-0.56 kg/m2, 95% CI: 
248 -0.84 to -0.27, ES: -0.17), -4.2% for the sum of skinfold thickness (-1.88 mm, 95% CI: -
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249 3.00 to -0.73, ES: -0.13), and -2.8% for BMI (-0.76 kg/m2, 95% CI: -1.14 to -0.36, ES: -
250 0.17).
251 The largest estimated differences in CRF were observed for the reallocation of time 
252 from MVPA to ST or sleep. For instance, the reallocation of 30-minutes was associated 
253 with a lower CRF by approximately 4.0% (-1.39 mL/kg·min, 95% CI: -2.00 to -0.78, 
254 ES: -0.29, and -1.35 mL/kg·min, 95% CI: -2.08 to -0.62, ES: -0.28, respectively) 
255 compared with the mean composition. The association showed a marked asymmetry, 
256 the estimated difference in CRF associated with a 30-minute reallocation from ST and 
257 sleep to MVPA, 3.0% of the mean composition (1.00 mL/kg·min, 95% CI: 0.58 to 1.41, 
258 ES: 0.21, and 0.97 mL/kg·min, 95% CI: 0.42 to 1.52, ES: 0.20, respectively), was lower 
259 than the aforementioned estimated difference in CRF associated with the inverse 
260 reallocation of time. When the model was additionally adjusted for adiposity, the 
261 magnitudes of the estimated differences were lower, especially when the model was 
262 adjusted for FMI, or the reallocations implying ST and MVPA when the model was 
263 adjusted for BMI. 
264 4. DISCUSION
265 Application of the novel compositional data analysis approach presented in this study 
266 allows for a proper analysis of the influence of activity behaviors as mutually exclusive 
267 components of the 24-h day on adiposity and CRF. Pregnant women’s activity 
268 composition was significantly associated with all of the adiposity indicators and CRF, 
269 with MVPA being the activity behavior with the greatest association. Isotemporal 
270 substitution models suggested that the most unfavorable differences in adiposity and 
271 CRF were when MVPA was replaced by ST. Estimated differences were relatively 
272 modest, with standardized effect sizes ranging between 0.2 and 0.3. This result 
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273 reinforces the importance of at least maintaining MVPA during pregnancy, particularly 
274 when taking into account the usual decrease of MVPA levels as pregnancy advances 29.
275 Consistent with previous compositional isotemporal substitution studies in adults 13,15, 
276 the highest predicted differences in adiposity indicators were found when MVPA was 
277 reallocated to ST. The estimated differences of the sum of skinfold thickness differed 
278 for FMI and BMI, which could be explained by their inherent limitations in 
279 differentiating between maternal and fetal contributions for adiposity. BMI showed the 
280 lowest estimated differences, which could be explained by BMI accounting for lean 
281 mass as well, which may be higher while adiposity may be lower with MVPA 30.
282 Previous studies on pregnant women have shown how MVPA, such as walking and 
283 exercise interventions, is associated with the control of maternal adiposity, lipid 
284 biomarkers, and weight gain 10,11, but as our results suggest, the greatest benefits of 
285 differences in adiposity were obtained when ST was reallocated to MVPA. The fact that 
286 physical activity was associated with a lower adiposity could be explained by the ability 
287 of exercise to moderate glucose levels by increasing glucose uptake of skeletal muscle 
288 and improving insulin sensitivity 31. Future interventions aimed at maintaining MVPA 
289 levels or reducing ST in favor of MVPA may be effective ways to preserve adiposity 
290 levels among pregnant women.
291 The improvement of CRF by increasing MVPA levels is consistent with a previous 
292 compositional data study performed on children 14,16 and an isotemporal non-
293 compositional substitution study performed on the general population 32. In addition, 
294 randomized controlled trials in pregnant women 9,11 have suggested that an increase in 
295 MVPA levels may improve pregnant women’s CRF, but as our results suggest, the 
296 highest benefit on CRF was obtained when ST, instead of others behaviors, was 
297 reallocated to MVPA. Although the reallocation of time from sleep to MVPA is 
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298 associated with a similar difference in CRF, considering the important role of sleep in 
299 pregnant women’s health and the fact that pregnancy alters sleep patterns 33, it would be 
300 inappropriate to propose it when pregnant women do not fulfill sleep recommendations 
301 34. Reallocating time from MVPA to ST was associated with the most unfavorable 
302 differences in CRF. Taking into account that usually ST increases and MVPA decreases 
303 along the course of pregnancy 35, our results suggest that interventions aimed to at least 
304 maintain MVPA and ST levels, or reduce ST in favor of MVPA, may be recommended 
305 to limit the decrease in CRF caused by the progression of pregnancy 8. 
306 The associations of the reallocation of time with adiposity and CRF, consistent with 
307 previous compositional data studies 13,16, are asymmetrical. For instance the reallocation 
308 of time from MVPA to ST led to larger estimated differences in adiposity and CRF than 
309 the reallocation of time from ST to MVPA. This difference could be explained by the 
310 relative contribution of the different behaviors to the 24-h period. ST accounted for 42% 
311 of the day compared with 22% for LPA or 5% for MVPA; therefore, taking 15 minutes 
312 from MVPA or LPA is more relevant than taking 15 minutes from ST. In addition, as 
313 previous study suggested 13, increasing adiposity or deconditioning occurs rapidly when 
314 activity levels drop, while returning to the previous level requires a larger amount of 
315 exercise. Therefore, the results highlight the importance of maintaining the levels of 
316 MVPA to preserve adiposity and CRF levels during pregnancy, a period of time along 
317 which these outcomes unfavorably change 4,8.
318 The results of this study reinforce the public message suggesting the development of 
319 preventive health strategies that focus on the reduction of ST by increasing moving. The 
320 fact that ST is the most prevalent behavior among pregnant women during 
321 midpregnancy 36, and increases from pre-pregnancy 35 and also from midpregnancy to 
322 later pregnancy (about 30 minutes) 37, supports the importance of strategies aimed at 
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323 reducing ST among pregnant women. As our results suggest, ST may be reallocated to 
324 MVPA to obtain the greatest benefits. However, the increase of MVPA during 
325 pregnancy may be difficult due to the increases in basal energy expenditure and the 
326 elevated metabolic costs of exercise during pregnancy 8, which explain women’s 
327 selection of less-demanding activities 38 during pregnancy. Therefore, as our results 
328 showed, LPA, which accounts for 80% of the pregnant women’s time spent in physical 
329 activity 39, may be a good way or a progressive step to reallocate ST, although with 
330 lower benefits than those obtained by MVPA. This is an interesting finding because the 
331 reallocation involving LPA in others CODA studies did not show this association with 
332 health benefits 13,16, and as we aforementioned could be explained with the particular 
333 characteristics of pregnant women, which could obtain health benefits replacing ST with 
334 LPA.
335 The contribution of physical activity to maintaining general fitness levels has been 
336 shown even when physical activity is only started during pregnancy 40. Considering that 
337 pregnancy is identified as a teachable moment in women’s life, in which the attention to 
338 both women’s and fetus’ health increases, this stage of life is thought to offer an ideal 
339 opportunity to target interventions introducing behavioral changes 41.
340 4.1 Strengths
341 This study is the first to apply the principles of a novel compositional data approach 
342 during pregnancy to analyze the influence of activity behaviors relative to each other on 
343 pregnant women’s adiposity and CRF. The use of a multi-sensor monitor provides an 
344 objective and direct estimation of all activity behaviors based on energy expenditure, 
345 allowing a precise measure of 24-h activity data. Strict analysis of the data, including 
346 only participants who carried the monitor for at least 95% of the entire day (mean wear 
347 time of 1421 min/day) and removing the first and last day of monitoring, guaranteed the 
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348 representativeness of the daily activity measure. Adiposity was assessed according the 
349 sum of the biceps, triceps and subscapular skinfold thicknesses, which has been 
350 proposed to reasonably estimate maternal fat mass and changes in maternal adipose 
351 tissue that are not influenced by fetal growth 5,18. For comparison with previous studies 
352 we also use BIA’s FMI and BMI, although we are conscious about their inherent 
353 limitations during pregnancy.
354 4.2 Limitations
355 This study has several limitations. First, the cross-sectional design precludes the 
356 establishment of any causal associations. Future studies should analyze the effects of 
357 applying interventions that replace ST with MVPA or LPA, to confirm the causal 
358 effects for individuals. The fact that high-risk pregnant women were excluded from the 
359 study sample and the use of voluntary participation could have resulted in self-selection 
360 bias. Future studies with larger sample sizes are required. Multi-sensor monitors cannot 
361 differentiate between body positions, such as standing and ST. Studies that combine 
362 multi-sensor monitors with postural monitors would better estimate ST. The use of FMI 
363 or BMI has inherent limitations related to the impossibility of differentiating between 
364 maternal and fetal contributions or between body fat and lean mass, respectively. A 
365 submaximal test was used to estimate VO2max although it has inherent limitations, the 
366 6MWT has an acceptable coefficient of variation compared with direct measures 20. 
367 Future studies using a direct measure of VO2max would improve our design. In addition, 
368 the development and validation of a specific equation to estimate VO2max for pregnant 
369 women could be recommended for future studies on this population. 
370 5. CONCLUSION
371 The activity composition was associated with adiposity and CRF levels during 
372 midpregnancy, with MVPA being the leading activity behavior. Estimated differences 
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373 were relatively modest, showing the most unfavorable differences in adiposity and CRF 
374 levels when MVPA was replaced mainly by ST. The findings reinforce the importance 
375 of at least maintaining MVPA and limiting the time spent in ST during pregnancy.
376 6. PERSPECTIVE
377 The findings of the present study might be considered relevant for clinical practice. Our 
378 results contribute to a better understanding of the associations between 24-h activity 
379 behaviors and health outcomes during pregnancy, providing some novelties to the 
380 scientific literature, with the application of the principles of the novel compositional 
381 data approach during pregnancy. Previous study suggested the usefulness of promoting 
382 MVPA and discouraging ST during pregnancy 42,  but studying activity behaviors in 
383 isolation may be misleading, even more so when the fulfillment of MVPA 
384 recommendations is not necessarily related with a reduction of sedentary time during 
385 midpregnancy 29. Consequently, the reallocation of time from ST to MVPA or LPA, 
386 although with lower benefits, could be an efficient way to preserve or improve adiposity 
387 and CRF levels at midpregnancy. Moreover, future research is warranted to analyze the 
388 effects of interventions reallocating ST to MVPA or LPA during midpregnancy.
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Table 1. Associations between activity compositiona and adiposity and CRF: Results from Wald chi 
square type II ANOVA tests of linear models.
Sum Sq Df F value Pr(>F)
Sum of skinfold thickness, mm.† 2.6 3 13.9 0.000
FMI, kg/m2.† 4.9 3 17.1 0.000
BMI, kg/m2.† 0.9 3 14.8 0.000
CRF (VO2max), mL/kg·min. 906.6 3 20.3 0.000
CRF (VO2max), mL/kg·min. Additionally adjusted for sum 
of skinfold thickness.
175.5 3 5.7 0.001
CRF (VO2max), mL/kg·min. Additionally adjusted for FMI. 49.2 3 3.2 0.025
CRF (VO2max), mL/kg·min. Additionally adjusted for BMI. 111.5 3 6.2 0.001
Abbreviations: FMI: fat mass index; BMI: body mass index; CRF: cardiorespiratory fitness; 
VO2max: maximal oxygen consumption. a Activity composition expressed as isometric log-ratios. 
†Log transformed variable. All models are adjusted for age, educational level and employment 
status.
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Table 2. Estimated percentage of the differences from the mean composition in 
predicted adiposity associated with 15-minutes and 30-minutes reallocations.
15-minutes reallocation 30-minutes reallocation
Sum of skinfold thickness, mm
Sleep ST LPA MVPA Sleep ST LPA MVPA
Sleep -0.3 1.5 2.4 Sleep -0.6 3.1 5.5
ST 0.2 1.8 2.7 ST 0.5 3.6 6.0
LPA -1.4 -1.7 1.0 LPA -2.8 -3.3 2.5
MVPA -2.0 -2.3 -0.5 MVPA -3.8 -4.2 -0.8
FMI, kg/m2
Sleep ST LPA MVPA Sleep ST LPA MVPA
Sleep -0.8 1.7 3.1 Sleep -1.6 3.5 7.1
ST 0.8 2.5 3.9 ST 1.5 5.0 8.7
LPA -1.6 -2.4 1.5 LPA -3.1 -4.6 3.8
MVPA -2.5 -3.3 -0.9 MVPA -4.6 -6.1 -1.3
BMI, kg/m2
Sleep ST LPA MVPA Sleep ST LPA MVPA
Sleep -0.5 0.5 1.2 Sleep -1.1 1.0 2.7
ST 0.5 1.0 1.7 ST 1.1 2.1 3.8
LPA -0.5 -1.0 0.7 LPA -0.9 -2.0 1.8
MVPA -0.9 -1.5 -0.5 MVPA -1.7 -2.8 -0.7
Reallocation of 15 and 30 minutes are from the activity in the columns to the activity 
in the rows. Values are expressed in % of the differences from the mean composition 
in predicted adiposity. Bold type indicates significant change in outcome variable. 
Abbreviations: FMI: fat mass index; BMI: body mass index; ST: sedentary time; 
LPA: light physical activity; MVPA: moderate-to-vigorous physical activity. Analysis 
adjusted for age, education level, and employment status.
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Table 3. Estimated percentage of the differences from the mean composition in 
predicted CRF associated with 15-minutes and 30-minutes reallocations.
15-minutes reallocation 30-minutes reallocation
CRF, mL/kg·min *
Sleep ST LPA MVPA Sleep ST LPA MVPA
Sleep 0.1 -0.7 -1.8 Sleep 0.1 -1.5 -4.0
ST 0.0 -0.8 -1.8 ST -0.1 -1.6 -4.1
LPA 0.7 0.8 -1.1 LPA 1.4 1.5 -2.6
MVPA 1.5 1.6 0.8 MVPA 2.9 3.0 1.4
CRF, mL/kg·min (Additionally adjusted for the sum of skinfold thickness)
Sleep ST LPA MVPA Sleep ST LPA MVPA
Sleep 0.1 -0.3 -1.0 Sleep 0.1 -0.6 -2.2
ST 0.0 -0.3 -1.0 ST -0.1 -0.7 -2.3
LPA 0.3 0.3 -0.7 LPA 0.6 0.7 -1.6
MVPA 0.8 0.9 0.5 MVPA 1.6 1.7 0.9
CRF, mL/kg·min (Additionally adjusted for FMI)
Sleep ST LPA MVPA Sleep ST LPA MVPA
Sleep -0.2 -0.2 -0.8 Sleep -0.4 -0.4 -1.7
ST 0.2 0.0 -0.6 ST 0.4 -0.1 -1.4
LPA 0.2 0.0 -0.6 LPA 0.5 0.1 -1.3
MVPA 0.7 0.5 0.5 MVPA 1.3 0.9 0.8
CRF, mL/kg·min (Additionally adjusted for BMI)
Sleep ST LPA MVPA Sleep ST LPA MVPA
Sleep -0.3 -0.4 -1.0 Sleep -0.6 -0.8 -2.3
ST 0.3 -0.1 -0.8 ST 0.6 -0.2 -1.7
LPA 0.4 0.1 -0.6 LPA 0.8 0.2 -1.5
MVPA 0.9 0.6 0.5 MVPA 1.7 1.1 0.9
Reallocation of 15 and 30 minutes are from the activity in the columns to the activity 
in the rows. Values are expressed in % of the differences from the mean composition 
in predicted CRF. Bold type indicates significant change in outcome variable. 
Abbreviations: CRF: cardiorespiratory fitness; FMI: fat mass index; BMI: body mass 
index; ST: sedentary time; LPA: light physical activity; MVPA: moderate-to-vigorous 
physical activity. *Analysis adjusted for age, education level, and employment status.
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